Background: Periodontitis is a bacterial infection, which has been classified as a local chronic inflammation. This, as well as cardiovascular disease, may share common risk factors such as smoking, diabetes, behavioral factors, aging, and male gender. The aim of this study was to evaluate the association between hyperlipidemia and periodontitis.
Introduction
Periodontitis is a bacterial infection, which has been classified as a local chronic inflammation. 1, 2 Recent studies indicate this oral disease may have profound effects on systemic health. Several studies have indicated subjects with periodontal disease may have a higher risk for cardiovascular disease when compared to subjects with a healthy periodontium. [3] [4] [5] [6] [7] [8] [9] [10] The factors that place individuals at risk for periodontitis may also place them at risk for cardiovascular disease. This means periodontitis and cardiovascular disease may share common risk factors such as smoking, diabetes, behavioral factors, aging, and male gender. 5, 7, 8 It is well known there is a causal relationship between serum lipid levels and systemic health, particularly cardiovascular disease, diabetes, tissue repair capacity, immune cell function, and serum levels of proinflammatory cytokines. 2 On the other hand, periodontitis induced changes in immune cell function may cause metabolic dysregulation of lipid metabolism through a mechanism involving proinflammatory cytokine. 2 It was demonstrated subjects with hyper-cholestrolaemia and cardiovascular disease had a significantly worse periodontal condition than community based control subjects. 1 According to Pohl et al.
11
, the degree of periodontal breakdown was positively correlated to plasma cholesterol levels. In a study conducted on plasma and blood glucose levels in patients with destructive periodontal disease Losche 1 found blood glucose and pathological plasma lipid profiles were significantly higher in the patients than in the controls.
Katz et al. conducted a study on the association between hypercholesterolaemia, cardiovascular disease, and severe periodontal disease and found a significant association of patients with hypercholesteroalaemia and CPITN scores of IV. 12 Since hyperlipidemia is a causative factor for cardiovascular diseases and contributes to the high prevalence, mortality and morbidity of these diseases, the levels of plasma lipids in patients with periodontitis and control groups were compared in order to evaluate the association between hyperlipidemia and periodontitis.
Materials and Methods
This was an analytical case control study. Forty subjects with periodontitis (CPITN score III and IV (pocket ± 4 mm), 25 males and 15 females, mean age 32.32 ± 9.2) and 40 age and sex matched control subjects (24 males and 16 females, mean age 31.4 ± 7.6) participated in this study. Both patients and controls were sequentially recruited within six months from subjects who attended the Department of Periodontology for routine oral examination. After being informed of the purpose of the study, the patients signed informed consent forms. The Statistical and Methodological Committee of the University approved the study protocol.
Exclusion criteria were: Diabetes mellitus or any other endocrine disease and excessive obesity (body mass index > 30). No subjects took any drug for hypercholesterolaemia. All subjects with more than 3 sextants with CPITN scores of III and IV were included in the group of periodontitis subjects. According to CPITN standards, third molars were not examined.
Measurement of Serum Lipids
The samples of venous blood from periodontitis as well as control subjects for measuring fasting plasma lipids were taken. The blood analyses were carried out in the central laboratory of clinical chemistry of Yazd University of Medical Science using routine enzymatic methods. In order to identify subjects with pathological values the following cut off points were used according to the laboratory's recommendation: Total cholesterol (CHOL) > 220mg/dl, LDL cholesterol
Results
The mean plasma cholesterol and triglycerides in periodontitis subjects were significantly higher (P=0.045 and P=0.016, respectively) by about 12% and 52%, respectively, as compared to controls (Table 1) . Mean plasma HDL and LDL cholesterols were higher in patients compared with controls (6% and 2%, respectively) but the difference was not significant (Table1).
In 17 subjects among the periodontitis group and 4 control subjects the triglyceride value was in the pathologic range and the difference was significant (P=0.001). The frequency of hypercholesterolemia (total cholesterol) was significantly (P=0.005) higher in patients compared with controls (13 patients and 3 controls), but no significant difference was observed in LDL and HDL cholesterols ( Table  2 ). The odds ratio for hypertriglyceridaemia and hypercholestromia was 6.7 and 5.9, respectively.
Discussion
Epidemiological studies have shown there is a relationship between poor oral hygiene and periodontitis with coronary heart disease. Periodontitis and coronary heart disease share common risk factors such as diabetes mellitus, smoking, behavioral factors, aging, male gender, and poor health care Data were presented on mean and standard deviation. Student t-test was used to show significant differences between means. After categorizing the blood chemistry, values in normal and diseased categories, differences in frequencies were tested for significance using Chi square test. between periodontitis and coronary heart disease may be due to the elevated levels of plasma lipids.
According to the results of this study, patients with periodontitis had significantly higher levels of TG and CHOL. Our findings are in agreement with Cutler et al. 14 who found the presence of periodontitis was significantly associated with elevated TG and CHOL levels. In addition our results are similar to Losche et al. 1 and Katz et al. 12 In the present study the odds ratio for hypertriglyceridemia and hypercholesterolaemia were 6.7 and 5.9, respectively; this was lower than Cutler's 14 findings (8.6 for TG and 7 for CHOL). The frequency of pathological TG and CHOL levels were more prevalent in patients than in controls, in agreement with others. 1 However, in that study the number of persons with pathological levels of LDL was significantly higher in periodontitis subjects than controls. As already mentioned, we did not find any significant differences between the two groups for LDL and HDL cholesterols. One possible explanation for this discrepancy is that the cut off points used for LDL and HDL in Losche's study were: LDL > 160 mg/dl and HDL < 45 mg/dl, but our laboratory's were LDL > 190 mg/dl and HDL < 29 mg/dl. Therefore it is clear the frequency of pathological LDL and HDL levels are decreased.
Periodontal disease is a microbial infection caused by gram negative bacteria. Acute infections are known to interfere with lipid metabolism, and elevation of plasma triglycerides has been observed, especially in infection with gram-negative bacteria. 15, 16 These changes are thought to be mediated by cytokines such as IL1 or TNF which may be produced at the inflamed periodontal tissues in high quantities. 7, 17, 18 These biological signaling molecules from local inflammation into the circulation have myriad physiological effects promoting enhanced lipogenesis 19 , increased lypolisis 20, 21 , and reduced lipid clearance. [22] [23] [24] [25] The end result is hyperlipidemia or an accumulation of serum free fatty acids (FFA), LDL, and TG. On the other hand, a possible role of hyperlipidemia for periodontitis is also obvious from several studies. Hyperlipidemia is known to cause a hyperactivity of white blood cells. 26, 27 Hyperactivity of white cells, e.g., increased production of oxygen radicals has been shown to be frequently associated with progressive periodontitis in adults.
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Conclusion
These results showed an association between periodontitis and hyperlipidemia. However, it is not clear yet whether the observed changes in lipid metabolism are the cause or the consequence of periodontitis. On the other hand, the control group was matched for age and gender, but not for other life style or socioeconomic factors such as diet and physical activity that could be of importance. Therefore, further studies are needed to find out the exact role of hyperlipidemia and periodontitis and their relationship to each other.
